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ResectionAbstract Background: In first-line wild-type (WT)-Kirsten rat sarcoma viral oncogene ho-
mologue (KRAS) metastatic colorectal cancer (mCRC), panitumumab (Pmab) improves out-
comes when added to FOLFOX [folinic acid, 5-fluorouracil, and oxaliplatin] or FOLFIRI
[folinic acid, 5-fluorouracil, and irinotecan]. However no trial has directly compared these
combinations.
Methods: Multicentre, open-label study in untreated patients  18 years with (WT)-KRAS
mCRC and multiple or unresectable liver-limited disease (LLD) randomised to either
Pmab-FOLFOX4 or Pmab-FOLFIRI. The primary end-point was objective response rate
(ORR). Secondary end-points included liver metastases resection rate (R0 þ R1),
progression-free survival (PFS), overall survival (OS), adverse events and perioperative safety.
Exploratory end-points were: response by RAS status, early tumour shrinkage (ETS) and
depth of response (DpR) in WT-RAS patients.
Results: Data on 77 patients were analysed (38 Pmab-FOLFOX4; 39 Pmab-FOLFIRI; WT-
RAS: 27/26, respectively). ORR was 74% with Pmab-FOLFOX4 and 67% with Pmab-
FOLFIRI (WT-RAS: 78%/73%). Out of the above, 45% and 59% underwent surgical resec-
tion, respectively (WT-RAS: 37%/69%). The R0-R1 resection rate was 34%/46% (WT-
RAS:26%/54%). Median PFS was 13/14 months (hazard ratio [HR] Pmab-FOLFIRI versus
Pmab-FOLFOX4: 0.9; 95% confidence interval: [0.6e1.5]; WT-RAS:13/15; HR: 0.7 [0.4
e1.3]). Median OS was 37/41 months (HR:1.0 [0.6e1.8]; WT-RAS: 39/49; HR:0.9 [0.4
e1.9]). In WT-RAS patients with confirmed response, median DpR was 71%/66%, and
65%/77% of patients showed ETS  30%/  20% at week 8, without significant differences be-
tween arms; these patients had longer median PFS and OS and higher resectability rates. Sur-
gery was associated with longer survival. Perioperative and overall safety were similar, except
for higher grade 3/4 neutropenia (40%/10%; pZ 0.003) and neuropathy (13%/0%; pZ 0.025)
in the Pmab-FOLFOX4 arm.
Conclusions: In patients with WT-KRAS mCRC and LLD, both first-line Pmab-FOLFOX4
and Pmab-FOLFIRI resulted in high ORR and ETS, allowing potentially curative resection.
No significant differences in efficacy were observed between the two regimens.
(clinicaltrials.gov:NCT00885885).
ª 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The addition of epidermal growth factor receptor
(EGFR)-targeted therapies to chemotherapy for the
first-line treatment of wild-type (WT) RAS metastatic
colorectal cancer (mCRC) has improved patient’s
objective response rate (ORR), progression-free survival
(PFS) and overall survival (OS) [1e4]. For this reason,
current guidelines recommend their use in combination
with the most common backbone chemotherapeutic
regimens such as FOLFOX [folinic acid, 5-fluorouracil,
and oxaliplatin] or FOLFIRI [folinic acid, 5-
fluorouracil, and irinotecan] [5,6].
In mCRC patients with liver-limited disease (LLD),
resection of liver metastasis is the main objective. An OS
rate of up to 45% at 5 years, and a median OS of 52
months has been reported [7]. However, 80e90% of liver
metastases are unresectable due to size, location, extent
of disease or remnant liver.
Conversion chemotherapy can increase the resect-
ability rate [8]. After oxaliplatin-based chemotherapy,
14e51% of unresectable patients were subjected tosurgery, with 5-year OS rates (34e50%) similar to those
from initially resectable patients [9,10]. The addition of
anti-EGFR agents increases the ORR to 45% and the
resection rate to 28e30% [11e15].
Panitumumab (Pmab) has demonstrated efficacy and
a manageable safety profile in WT-KRAS (exon 2)
mCRC patients, either as a monotherapy [16e19] or in
combination with first-line FOLFOX4 [19] or FOLFIRI
[4] or second-line FOLFIRI [20].
Mutant KRAS (exon 2) predicts a lack of response to
anti-EGFR agents, and may also be a factor for
chemotherapy resistance [21], better established for iri-
notecan than for oxaliplatin. Recently, other activating
mutations for the members of the RAS oncogene family,
KRAS and NRAS, were confirmed to predict a lack of
response to Pmab, leading to a label variation [1].
Nevertheless, there are still one quarter of WT-RAS
patients that are non-responders as defined by the
Response Evaluation Criteria in Solid Tumours
(RECIST) [22]. Several assessments beyond RECIST
may help in predicting OS, such as timing, depth, and
duration of response (DoR). Early tumour shrinkage
A. Carrato et al. / European Journal of Cancer 81 (2017) 191e202 193(ETS) of 20% or 30% at weeks 6e8 predicts
improved PFS and OS [23e26]. Other clinical benefits of
early and deep responses may include symptomatic relief
and improved resectability [25].
Our aim was to evaluate the efficacy and safety of the
addition of Pmab to FOLFOX4 (Pmab-FOLFOX4) or
FOLFIRI (Pmab-FOLFIRI) as a first-line treatment for
WT-KRAS (exon 2) mCRC patients with LLD. We also
explored differences in outcomes according to RAS
status (exons 2, 3, 4 of KRAS/NRAS ) and investigated
tumour assessments beyond RECIST in the WT-RAS
population, including ETS and DpR.
2. Patients and methods (see extended version in
Appendix)
2.1. Study design
This phase II, open-label, randomised (1:1), multicentre,
two-arm parallel study was conducted in 15 Spanish
centres. Patients were included between May 2009 and
November 2012. All patients provided written informed
consent.
2.2. Patients
Inclusion criteria were: (1) age  18 years; (2) histologi-
cally confirmed WT-KRAS (exon 2) mCRC untreated
patients; (3) multiple (>4 liver metastasis or any liver
metastasis longer than 10 cm) or unresectable LLD
considered by the local hepatic surgeons’ criteria; (4) at
least one unidimensionally measurable lesion according
to the modified response evaluation criteria in solid tu-
mours (mRECIST); (5) recurrence after adjuvant treat-
ment with 5-fluorouracil/folinic acid or capecitabine with
or without radiotherapy with a disease-free interval
(DFI) > 6 months, or with an oxaliplatin-based regimen
with a DFI > 12 months, or recurrence after surgical
treatment and/or radiotherapywithout adjuvant systemic
treatment or de novo diagnosis; (6) Karnofsky perfor-
mance status  70%; and (7) adequate bone marrow,
hepatic and renal function and magnesium levels.
Main exclusion criteria were: hormonal-, chemo-,
immunotherapy, experimental or approved proteins/
antibodies (e.g. bevacizumab) received for mCRC; sur-
gery and/or radiotherapy in the previous 4 weeks.
2.3. Study treatment
Patients were randomised to either Pmab-FOLFOX4 or
Pmab-FOLFIRI. Pmab (6 mg/kg) was administered
with FOLFOX4 or FOLFIRI every 14 ds for 4e8 cy-
cles. When surgery became an option, it was performed
4e6 weeks after the last chemotherapy dose. Patients
with stable disease or who did not achieve resectability
received additional cycles until progressive disease (PD),
unacceptable toxicity or patient withdrawal. In the eventof successful resection, six cycles of adjuvant treatment
(similar to presurgery) were administered starting 4e8
weeks after surgery.
2.4. Study procedures
Tumour response was determined by mRECIST criteria
every 8  1 weeks until PD or patient withdrawal.
Resectability was assessed every 2 months.
2.5. Statistical analysis
Primary end-point: ORR (complete response þ partial
response). Secondary end-points: resection rate
(R0 þ R1) of liver metastases, time to resection, PFS,
OS, adverse events (AEs) and perioperative safety.
Exploratory end-points: response according to RAS
status, ETS and DpR in the WT-RAS population, and
their relationship with PFS, OS and surgical resection.
Considering a minimum ORR of 30%, a sample of 40
subjects per arm was required for correctly
selecting better treatment when the superior arm was
10% higher, with at least 80% probability (Simon-
Wittes-Ellenberg design).
The analysis set included all patients who received at
least one dose of Pmab or chemotherapy and were fol-
lowed up to 31st March 2015. Efficacy end-points were
reported using descriptive statistics, 95% confidence in-
tervals (CI), and KaplaneMeier plots. Results of un-
confirmed response are reported because liver
metastases resection was performed in some patients
before radiological response confirmation.
Data analysis was performed using the SAS statis-
tical package for Windows (v9.4, SAS Institute Inc.,
Cary, U.S.).
3. Results
3.1. Patients’ characteristics
The study included 77 patients (38 received Pmab-
FOLFOX4 and 39 received Pmab-FOLFIRI) with
WT-KRAS mCRC (Fig. 1). The RAS status was deter-
mined in 83% of the WT-KRAS patients, of which 83%
were WT-RAS (exons 2, 3, 4 [KRAS]; exons 2, 3, 4
[NRAS]). No double mutations were observed. Baseline
characteristics were similar between arms except for a
numerically higher proportion of WT-RAS patients with
technically resectable metastases in the Pmab-FOLFIRI
arm (Table 1).
3.2. Treatment
In both arms, patients received a median of eight in-
fusions of Pmab (range: 1e80) (Table 2) and achieved a
median presurgery absolute intensity dose of 5.2 mg/kg/
week (range: 2.6e6.1). Some 64% of patients received
Assessed for eligibility (N=103) 
Excluded (N=23) 
♦ Not meeting inclusion criteria (N= 21) 
♦ Meeting exclusion criteria (N= 2)
RAS ascertainment (N= 31) 
Allocated to panitumumab + FOLFOX4 (N=40) 
- Received intervention (N=38) 
- Did not received allocated intervention (N=2*) 
• Reasons: 
- Received panitumumab + FOLFIRI: 2 
Discontinued intervention (N=39): 
- Death: 2 
- Non-acceptable toxicity: 2 
- Non-related AE: 1 
- Disease progression: 11 
- Investigator decision: 9 
- Protocol non-compliance: 0 
- Treatment completed: 10 
- Other reason: 4 
Allocated to panitumumab + FOLFIRI (N=40) 
- Received intervention (N=39*)
− Did not receive allocated intervention (N=3)  
• Reasons: 
- Divergent KRAS results: 1  
- Metastases in locations other than liver: 2
Randomized (N=80) 
WT-KRAS
population (N=77)
RAS ascertainment (N= 33) 
WT-RAS population (N=53)WT-RAS
(N=27)
Mutant RAS
(N=4)
WT-RAS
(N=26)
Mutant RAS
(N=7)
WT-KRAS analysed (N= 39) 
  - Excluded from analysis (N=3): 
•Reason:  
- Did not receive allocated intervention: 3
WT-KRAS analysed (N=38)  
Discontinued intervention (N=38): 
- Non-acceptable toxicity: 7 
- Non-related AE: 1 
- Disease progression: 13 
- Investigator decision: 3 
- Protocol non-compliance: 1 
- Treatment completed: 10 
- Other reason: 3 
*Two patients allocated to panitumumab + FOLFOX4 arm received panitumumab + FOLFIRI  by error. 
WT: wild type; AE: adverse event
Fig. 1. Study flow-chart.
A. Carrato et al. / European Journal of Cancer 81 (2017) 191e202194 80% of the planned dose of Pmab (32%
received  90%).
Dose reductions and delays were slightly higher in the
Pmab-FOLFOX4 arm, leading to a lower median rela-
tive dose-intensity (Table 2).3.3. Efficacy in the WT-KRAS population
UnconfirmedORRwas noted in 70%of the patients (74%
(95% CI: 60e88) with Pmab-FOLFOX4 and in 67%
(52e82) with Pmab-FOLFIRI) (Table 3, Supplemental
Table 1
Patient characteristics at baseline in the WT-KRAS population and in the WT-RAS population.
WT-KRAS Population WT-RAS Population
Pmab-FOLFOX4 Pmab-FOLFIRI Pmab-FOLFOX4 Pmab-FOLFIRI
(N Z 38) (N Z 39) (N Z 27) (N Z 26)
Male, n (%) 31 (82) 28 (72) 23 (85) 18 (69)
Median age, years (min, max) 65 (32, 79) 63 (37, 83) 65 (32, 79) 60 (37, 78)
Median time since CRC diagnosis, months (Q1, Q3) 3.4 (1.3, 22.7) 1.6 (0.6, 11.5) 3.1 (1.5, 21.0) 1.6 (0.5, 27.0)
Technically resectable liver metastases, n (%) 12 (32) 12 (31) 5 (19) 9 (35)
Primary tumour diagnosis, n (%)
Colon 28 (74) 27 (69) 19 (70) 16 (62)
Rectum 9 (24) 11 (28) 7 (26) 9 (35)
Colon and rectum 1 (3) 1 (3) 1 (4) 1 (4)
TNM stage at diagnosis
I 1 (3) 2 (5) 0 1 (4)
II 0 1 (3) 0 1 (4)
III 5 (13) 3 (8) 4 (15) 2 (8)
IV 32 (84) 32 (82) 23 (85) 22 (85)
Prior surgery for primary tumour, n (%) 26 (68) 22 (56) 19 (70) 15 (58)
Prior adjuvant/neoadjuvant CT and/or radiotherapy, n (%) 6 (16) 4 (10) 4 (15) 3 (12)
Prior FOLFOX, n (%) 3 (8) 3 (8) 2 (7) 3 (12)
CRC Z colorectal cancer; CT Z chemotherapy; Pmab Z panitumumab; WT Z wild-type.
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months (95% CI: 4.2e6.9) and 4.2 months (95% CI:
3.9e6.7), respectively, without differences between arms
(HR Pmab-FOLFIRI versus Pmab-FOLFOX4: 1.1; 95%
CI: 0.5e2.3; pZ 0.853).
After preoperative treatment, some 52% of the pa-
tients underwent surgical resection of liver metastases
(45% of the Pmab-FOLFOX4 treatment arm and 59%
of the Pmab-FOLFIRI) (Table 3). In the subgroup with
unresectable metastases, resection was possible in 27%
and 50% of patients, respectively. The (R0 þ R1)
resection rate was 34% and 46%. Median time to
resection was 7.8 months and 6.2 months, withoutTable 2
Treatment exposure in the WT-KRAS population.
Pmab-FOLFOX4 Pmab-FOLFIRI
(N Z 38) (N Z 39)
Pre-surgery
Median Pmab doses per
patient (min, max)
8 (2, 80) 8 (1, 30)
Median CT doses per
patient (min, max)
8.5 (2, 81) 8 (1, 31)
Median relative dose-intensity
for Pmab, % (Q1, Q3)
80 (73, 93) 88 (81, 96)
Median relative dose-intensity
for CT, % (Q1, Q3)
83 (64, 92) 89 (78, 94)
Post-surgery
Median Pmab doses per
patient (min, max)
6 (1, 22) 6 (1, 8)
Median CT doses per patient
(min, max)
6 (1, 16) 6 (1, 9)
Median relative dose-intensity
for Pmab, % (Q1, Q3)
91 (78, 96) 89 (78, 98)
Median relative dose-intensity
for CT, % (Q1, Q3)
78 (69, 89) 94 (84, 100)
CT Z chemotherapy; Pmab Z panitumumab.significant differences between arms (HR: 1.4; 95% CI:
0.8e2.6; p Z 0.284). Median time to recurrence in pa-
tients with R0 or R1 was 11 months and 9 months,
respectively.
After a median follow-up of 33 months (range:
1.4e64.0), median PFS was 13 months with Pmab-
FOLFOX4 and 14 months with Pmab-FOLFIRI
(p Z 0.730) (Fig. 2). Median OS was 37 months and 41
months, respectively (pZ 0.966) (Fig. 2).
3.4. Efficacy according to RAS status
In patients with WT-RAS, the unconfirmed ORR
increased to 76%, without differences between arms
(Table 3, Supplemental Fig. S1 (online only)).
After preoperative treatment, some 53% of WT-RAS
subgroup of patients underwent surgical resection. In
the subgroup with unresectable metastases (n Z 39),
surgical resection was possible in 54% of patients.
The (R0 þ R1) resection rate in the WT-RAS sub-
group was 40% (32% R0; 8% R1).
Median PFS in WT-RAS patients was 13 months
with Pmab-FOLFOX4 and 15 months with Pmab-
FOLFIRI (Fig. 2). Median OS was 39 and 49 months,
respectively (Fig. 2).
3.5. Depth of response in the WT-RAS population
Median DpR was 48% (Q1-Q3: 32e67%), without dif-
ferences between arms. In patients with radiologically
confirmed response (n Z 23), median DpR was 67%
(Q1-Q3: 56e82%) (Table 4).
DpR correlated with PFS (Spearman Coefficient:
0.53, p < 0.0001) and OS (Spearman Coefficient: 0.51;
p Z 0.0002).
Table 3
Main efficacy results in the WT-KRAS population and according to RAS status.
Pmab-FOLFOX4 Pmab-FOLFIRI P value* Total
% or median (95% CI) % or median (95% CI) Pmab-FOLFOX4
versus Pmab-FOLFIRI
WT-KRAS, N 38 39 77
ORR (not confirmed) 74 (60e88) 67 (52e82) 0.501 70 (60e80)
Surgical resection 45 (29e61) 59 (44e74) 0.211 52 (41e63)
Resection rate (R0 þ R1) 34 (19e49) 46 (31e62) 0.285 40 (29e51)
PFS, months 13 (6e15) 14 (7e16) 0.728 13 (9e15)
OS, months 37 (25e51) 41 (22e52) 0.966 37 (28e49)
WT-RAS, N 27 26 53
ORR (not confirmed) 78 (62e94) 73 (56e90) 0.691 76 (64e87)
Surgical resection 37 (19e55) 69 (52e87) 0.019 53 (39e66)
Resection rate (R0 þ R1) 26 (9e42) 54 (35e73) 0.038 40 (26e53)
PFS, months 13 (6e19) 15 (7e19) 0.307 14 (10e16)
OS, months 39 (27e51) 49 (31e56) 0.824 46 (35e52)
NA Z not achieved; CI Z confidence interval; ORR Z objective response rate (complete response þ partial response); OS Z overall survival;
PFS Z progression-free survival.
Fig. 2. Progression-free survival (top) and overall survival (bottom) in the WT-KRAS population and in the WT-RAS population.
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Table 4
Depth of response and relationship between early tumour shrinkage and progression-free survival and overall survival in the WT-RAS
population.
WT-RAS population Pmab-FOLFOX4 (N Z 27) Pmab-FOLFIRI (N Z 26) Total (N Z 53)
Depth of response
All patients, N 27 24 51
median (Q1, Q3) 47 (32, 71) 48 (42, 64) 48 (32, 67)
Patients with confirmed response, N 13 10 23
median (Q1, Q3) 71 (56, 92) 66 (60, 80) 67 (56, 82)
ETS, N 26 22 48
30%, N (%) 16 (62) 15 (68)y 31 (65)
PFS, months, median (95% CI) 14 (12e27) 19 (6e27) 15 (13e23)
OS, months, median (95% CI) 51 (33 e NE) NE (35 e NE) 60 (45 e NE)
<30%, N (%) 10 (39) 7 (32) 17 (35)
PFS, months, median (95% CI) 5 (1e13) 11 (4e19) 8 (4e14)
OS, months, median (95% CI) 22 (4e37) 31 (6e56) 26 (8e37)
HR-PFS (95% CI) 30% versus <30% (p value) 0.4 (0.2e1.0) (0.050) 0.6 (0.2e1.5) (0.253) 0.5 (0.2e0.9) (0.013)
HR-OS (95% CI) 30% versus <30% (p value) 0.2 (0.1e0.5), (0.002) 0.2 (0.1e0.9), (0.030) 0.2 (0.1e0.5), (0.001)
20%, N (%) 20 (77) 17 (77)z 37 (77)
PFS, months, median (95% CI) 14 (10e27) 15 (6e27) 15 (13e20)
OS, months, median (95% CI) 51 (27 e NE) 52 (35 e NE) 51 (45 e NE)
<20%, N (%) 6 (23) 5 (23) 11 (23)
PFS, months, median (95% CI) 3 (1e13) 8 (4 e NE) 6 (2e13)
OS, months, median (95% CI) 31 (11e39) 8 (6e56) 26 (7e39)
HR-PFS (95% CI) 20% versus <20% (p value) 0.2 (0.1e0.5) (0.001) 0.7 (0.2e2.2) (0.548) 0.4 (0.2e0.8) (0.016)
HR-OS (95% CI) 20% versus <20% (p value) 0.3 (0.1e0.8), (0.021) 0.3 (0.1e1.0), (0.055) 0.3 (0.1e0.6) (0.002)
yp versus Pmab-FOLFOX4 Z 0.632; zp versus Pmab-FOLFOX4 Z 0.977; CI Z confidence interval; DpR Z depth of response; ETS Z early
tumour shrinkage; NE Z non-estimable; PFS Z progression-free survival.
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WT-RAS population
Forty-eight WT-RAS patients had tumour shrinkage
data at week 8. Of them, 65% and 77% had 30% and
20% shrinkage at week 8, respectively, without dif-
ferences between arms (Table 4).
PFS and OS were longer in patients who achieved
ETS  30% and 20% (Table 4 and Fig. 3), although
differences were only significant for most comparisons
in the Pmab-FOLFOX4 arm and all comparisons in the
overall study group.
Resectability rates were numerically higher in pa-
tients achieving ETS  30% (65% versus 35%;
pZ 0.052) and in patients achieving  20% (59% versus
36%; p Z 0.177).
In the WT-RAS population, surgery (n Z 28) was
associated with a longer OS (52 versus 36 months in
patients without surgery [n Z 25]), HR: 0.4 (95% CI:
0.2e0.8; p Z 0.014) (Fig. 3). A comparison between
patients with and without surgery showed that 85% and
77% of patients with surgery had ETS  30% or 20%,
respectively, compared to only 68% and 50% in patients
without surgery.
3.7. Safety
Adverse events in the WT-KRAS population are re-
ported in Table 5. Perioperative safety, induced liver
toxicity and skin toxicity (Supplemental Table S1
(online only)) were similar between arms. Theincidence of diarrhoea (any grade) was similar between
arms (76% Pmab-FOLFOX4; 69% Pmab-FOLFIRI).
Most cases of diarrhoea were grade 1e2. Alopecia was
more frequent with Pmab-FOLFIRI (26% versus 5%).
There were only two infusion reactions in the Pmab-
FOLFOX4 arm (5%). Neutropenia and neuropathy
were the only grade 3/4 AEs that differed significantly
between arms (more frequent with Pmab-FOLFOX4).
Twenty-four (63%) patients treated with Pmab-
FOLFOX4 and 24 (62%) treated with Pmab-FOLFIRI
died. One patient in the Pmab-FOLFOX4 arm (3%)
died due to a treatment-related serious AE (SAE)
necrotising fasciitis.
There were eight more SAEs related to chemotherapy
(five in the Pmab-FOLFOX4 arm in four patients [two
neutropenia events, one diarrhoea, one gastrointestinal
inflammation and one ischaemic stroke] and three in the
Pmab-FOLFIRI arm in two patients [one febrile neu-
tropenia and two diarrhoeas]).
Safety results in the WT-RAS population were
similar, except that no differences in neutropenia and
neuropathy were observed between arms, and that no
deaths related to Pmab and/or chemotherapy were
observed (Supplemental Table S2 (online only)).
4. Discussion
This is the first trial reporting a head-to-head comparison
between Pmab-FOLFOX4 and Pmab-FOLFIRI in a
first-line mCRC setting. Both chemotherapy regimens
have similar activity when used without biologicals [27].
Fig. 3. Overall survival according to early tumour shrinkage 30% or <30% at week 8 (left) and according to surgical resection of liver
metastases (right) in the WT-RAS population.
A. Carrato et al. / European Journal of Cancer 81 (2017) 191e202198Pmab improves outcomes when added to either FOL-
FOX [19] or FOLFIRI [4,20], without compromising
quality of life [28]. In our population of WT-KRAS pa-
tients with LLD, no significant differences were observed
between the two regimens for any of the efficacy out-
comes, in line with previous studies with another anti-
EGFR agent. In the CELIM study (cetuximab-FOL-
FOX versus cetuximab-FOLFIRI in patients with LLD
[30% unresectable] [29]), the OS and PFS in the WT-
KRAS population were similar (OS: 36e42 months
compared with 37e41 months in our study; PFS: 12e12
months versus 13e14 months) [15]. In the CECOG trial
(cetuximab-FOLFOX6 versus cetuximab-FOLFIRI in
WT-KRAS patients with unresectable LLD), the PFS
(9e8 months) and OS (23-20) were shorter, however
>80% of patients had received prior adjuvant treatments,
compared to only 13% in our study [30].Table 5
Summary of adverse events in the WT-KRAS population.
WT-KRAS population Pmab-FO
Grade 3e4, N (%) 32 (84)
Treatment-related Grade 3e4, N (%) 28 (74)
Fatal AEs, N (%) 2 (5)
Treatment-related fatal AEs, N (%) 1 (3)
Serious AE, N (%) 13 (34)
Pmab and/or CT-related serious AE, N (%) 4 (11)
Perioperative AEs, N (%) (in patients with surgery) 4 (24)
Selected grade 3/4a treatment-related adverse events
Neutropenia, N (%) 15 (40)
Conjunctivitis, N (%) 2 (5)
Diarrhoea, N (%) 5 (13)
Asthenia, N (%) 4 (11)
Neuropathy, N (%) 5 (13)
Decreased appetite, N (%) 2 (5)
Induced liver toxicity in patients with surgical resection 17
Any liver complication, N (%) 3 (18)
Sinusoidal dilatation, N (%) 0 (0)
Steatohepatitis, N (%) 1 (6)
Fibrotic changes, N (%) 1 (6)
Hepatocyte necrosis, N (%) 1 (6)
a There was only one grade 5 AE related to Pmab in the Pmab-FOLFOThe extended RAS testing corroborated that this
determination was crucial for identifying patients suit-
able for receiving anti-EGFR antibodies [1,14].
The high response rate observed in the WT-RAS
population allowed a potentially curative resection in
53%of subjects (R0þR1 resectionwas finally achieved in
40%), of whom 75% had initially unresectablemetastases.
The resection ratewas higher in the Pmab-FOLFIRI arm,
but this differencemay be related to the higher proportion
of patients with baseline potentially resectable metasta-
ses. In the Pmab-FOLFOX4 arm, the resection rate was
similar to that observed in the PRIME study (31% in the
subpopulation with LLD treated with Pmab-FOLFOX)
[25]. As in prior studies [11,15], surgery was associated
with an improved survival.
In the PRIME and PEAK studies [25,26], ETS at
week 8 was also an early surrogate marker of improvedLFOX4 N Z 38 Pmab-FOLFIRI N Z 39 P value
30 (77) 0.419
23 (59) 0.172
3 (8) 0.975
0 (0) e
15 (39) 0.698
2 (5) 0.431
5 (22) 0.803
4 (10) 0.003
2 (5) 1.000
4 (10) 0.481
2 (5) 0.431
0 (0) 0.025
0 (0) 0.240
23
6 (26) 0.803
0 (0) e
6 (26) 0.214
0 (0) e
0 (0) e
X4 arm ( necrotising fasciitis).
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resectability rate. Relatively speaking, our results are
also consistent with the exploratory analyses of the
FIRE-3 study of first-line cetuximab versus bev-
acizumab therapy [31], and of other studies of cetux-
imab plus chemotherapy [32]. It is still not clear if the
association between ETS  30% or 20% and increased
PFS or OS is predominantly due to the increased
resectability rate rather than an independent effect. In a
multivariate analysis of the PRIME study, after
adjusting by resection status, the benefit of ETS  30%/
20% was not only observed in resected patients but
also in non-resected patients, suggesting that there could
be an independent effect in this subgroup [25]. In our
study, the median OS in WT-RAS patients with
ETS  30%/20% (60/51 months), despite including
more than one-third of subjects without resection, was
similar to that of resected patients (52 months), which
supports the aforementioned hypothesis.
Depth of response values were consistent with prior
studies (65% in the Pmab-FOLFOX6 of the PEAK
study [26], 54% in the Pmab-FOLFOX4 arm of the
PRIME study [25], 48% for first-line cetuximab-FOL-
FIRI [31]) and higher than the 33% observed with
bevacizumab-FOLFIRI [31]. The differences in assess-
ments beyond RECIST favouring Pmab versus bev-
acizumab, also found in the PEAK study, suggest that
these variables could be more informative than ORR,
which appeared to be similar [26].
Our results indicate a manageable toxicity profile,
consistent with prior studies of Pmab-FOLFOX or
Pmab-FOLFIRI, or with any of these treatments alone
[2,27,33]. It is well known that FOLFIRI is associated
with a higher frequency of alopecia and severe diarrhoea
whereas FOLFOX is associated with a higher frequency
of polyneuropathy [27]. Our results are consistent with
this pattern, except for a similar frequency of diarrhoea,
probably due to a higher incidence in the FOLFOX arm
compared with previous studies [27].
The main limitation was the unblinded surgical re-
view of computed tomography or magnetic resonance
imaging scans, which does not ensure homogeneity in
resectability assessments across centres. However, the
protocol requested the fulfilment of TTD guidelines [34],
which may have reduced subjective evaluations. The fact
that only 11 tumours had RASmutations in exons 3,4 of
KRAS or exons 2,3,4 of NRAS, prevents us from
drawing any conclusions about this subgroup, although
prior Pmab studies clearly show a negative effect on
outcome [1].
In conclusion, similar efficacy and safety results were
obtained in WT-KRAS patients with either first-line
Pmab-FOLFOX4 or Pmab-FOLFIRI, leading both to
high resectability rates. Better outcomes were observed
in the WT-RAS subgroup, without notable differences
between the two regimens. ETS at week 8 was an early
surrogate marker of improved PFS and OS and allowedmore surgeries for hepatic metastases. DpR values were
consistent with prior studies and correlated with PFS
and OS. In patients with WT-RAS mCRC and LLD,
Pmab plus standard first-line treatment chemotherapy
doublet offers the possibility of a rapid and high overall
response rate and a potentially curative hepatic resec-
tion. This strategy in LLD mCRC is also associated with
a favourable long-term survival.
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Study design
This phase II, open-label, randomised (1:1), multicentre,
two-arm parallel study was conducted in 15 Spanish
centres (PLANET Study [TTD-08-04], clinicaltrials.gov
identifier NCT00885885, EudraCT Number: 2008-
006766-28). The ethic committee at each participating
centre approved the study protocol and its amendments.
The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki. Patients were
included between May 2009 and November 2012. All
patients provided written informed consent.
Patients
Inclusion criteria were: age 18 years; histologically
confirmed WT-KRAS (exon 2) mCRC untreated pa-
tients; LLD (including those patients who had under-
gone complete resection [R0] of the primary tumour at
least 4 weeks before randomisation) fulfilling one of the
following criteria:  4 metastases, at least 1 metastasis
>10 cm in diameter, and metastases technically unre-
sectable, considered by the local hepatic surgeons’
criteria, due to vascular compromise and/or location in
which complete resection was impossible and/or
25e30% of healthy liver would not remain functional
after resection; no major contra-indication to liver sur-
gery; at least one unidimensionally measurable lesion
according to the modified RECIST (mRECIST) criteria
(Version 1.1); recurrence after adjuvant treatment with
5-fluorouracil/folinic acid or capecitabine with or
without radiotherapy with a disease-free interval
(DFI) > 6 months, or after adjuvant treatment with an
oxaliplatin-based regimen with a DFI > than 12
months, or recurrence after surgical treatment and/or
radiotherapy without adjuvant systemic treatment, or de
novo diagnosis; Karnofsky performance status  70%;
adequate bone marrow, hepatic and renal function and
magnesium levels.
Main exclusion criteria were: prior malignant tumour
in the last 5 years, except for a history of basal cell
carcinoma of the skin or preinvasive carcinoma of the
skin; hormonal therapy, chemotherapy, immunotherapy
or experimental or approved proteins/antibodies (e.g.
bevacizumab) received for mCRC treatment; significant
cardiovascular disease including unstable angina ormyocardial infarction within previous 12 months or a
history of ventricular arrhythmia; prior anti-EGFR
therapy or treatment with small molecule EGFR tyro-
sine kinase inhibitors; known positive test for human
immunodeficiency virus infection, hepatitis C virus,
chronic active hepatitis B infection; surgery (not
including diagnostic biopsy or central venous catheter
placement) and/or radiotherapy in the previous 4 weeks.
Study treatment
Patients were randomised to Pmab plus FOLFOX4 or
Pmab plus FOLFIRI. Random assignment was strati-
fied by prior adjuvant FOLFOX therapy and technically
resectable/ unresectable metastases. Preoperative Pmab
(Vectibix, Amgen Europe B.V.) was administered with
FOLFOX4 or FOLFIRI every 14 ds for 4e8 cycles at a
dose of 6 mg/kg, over a 30e90  15 min intravenous
infusion. When surgery became an option, it was per-
formed 4e6 weeks after the last chemotherapy dose.
Patients with stable disease (SD) or who did not achieve
resectability received additional cycles until progressive
disease (PD), unacceptable toxicity or patient with-
drawal. In the event of successful resection (R0 or R1), 6
cycles of adjuvant treatment was administered starting
4e8 weeks after surgery.
If during or after Pmab infusion a reaction occurred,
premedication with acetaminophen/paracetamol and/or
histamine H1 blockers such as diphenhydramine was
administered for subsequent cycles.
Study procedures
Pre-study evaluations included complete medical his-
tory, physical examination (including weight and
height), haematology and biochemistry tests, serum
carcinoembryonic antigen (CEA), electrocardiogram
and radiological imaging of the chest, abdomen, pelvis
and all other sites of disease by computed tomography,
or magnetic resonance imaging if clinically indicated.
KRAS mutation status (exon 2, codons 12 and 13) was
evaluated at each centre while extended RAS mutation
status was analysed at a central laboratory. Mutations
in KRAS exon 3 (at codons 59 and 61) and exon 4 (at
codons 117 and 146); NRAS exon 2 (at codons 12 and
13), exon 3 (at codons 59 and 61) and exon 4 (at codons
117 and 146) were detected by Pyrosequencing using
‘Ras Extension Pyro Kit’ and ‘Therascreen NRAS Pyro
Kit’ (Qiagen, Hilden, Alemania) according to the man-
ufacturer’s recommended protocol.
Tumour response was determined by the mRECIST
criteria (RECIST criteria version 1.1) every 8  1 weeks
until PD or patient withdrawal. Resectability was
assessed every 2 weeks. AEs were collected throughout
the study until 30  3 ds after the last dose of Pmab.
Long-term follow-up visits were performed every 3  1
months after the last safety visit and up to 36 months.
A. Carrato et al. / European Journal of Cancer 81 (2017) 191e202 201Statistical analysis
The primary end-point was the ORR (complete response
[CR]þpartial response [PR]) over the entire treatment
period. Secondary end-points were: resection rate
(R0 þ R1) of liver metastases, time to resection,
progression-free survival (PFS), overall survival (OS),
adverse events (AEs) and perioperative safety. Explor-
atory end-points were: response according to RAS sta-
tus, ETS and DpR in the WT-RAS population and their
relationship with PSF, OS and surgical resection.
Considering a minimum of ORR of 30% (according
to prior results of CRC patients with LLD, treated with
FOLFOX4 or FOLFIRI monotherapy), a sample of 40
subjects per arm were required for correctly selecting the
better treatment when the superior arm was 10% higher,
with at least 80% probability (Simon-Wittes-Ellenberg
design).
The analysis set included all patients who received at
least one dose of Pmab or chemotherapy and followed
up to March 31st, 2015. Efficacy end-points were re-
ported using descriptive statistics, 95% confidence in-
tervals (CI), and KaplaneMeier (KM) plots. Results of
unconfirmed response are reported because liver me-
tastases resection was performed in some patients before
radiological response confirmation. PFS and OS were
calculated as the time from the start of the treatment to
first evidence of clinical progression or death by any
cause. Surgical resection between subgroups defined by
ETS  or <20% or 30% was compared using Chi-square
tests. The effect of ETS, DpR and resection rate on PFS
and OS was assessed with the log-rank test.
AEs were graded based on the National Cancer
Institute Common Terminology Criteria for Adverse
Events (NCI CTC-AE) version 3.0, with the exception
of Pmab-related skin toxicities, which were graded on
CTC version 3.0 with modifications.
DpR was defined as the maximum percentage change
form baseline in the sum of the longest diameter during
the treatment period prior to surgery. The value was
positive in patients with tumour reduction and negative
in patients with tumour growth. ETS was defined as at
least 20% or 30% tumour decrease in the sum of the
longest diameter compared with baseline at week 8 (2)
post-treatment initiation.
Data analysis was performed using the SAS statis-
tical package for Windows (version 9.4, SAS Institute
Inc., Cary, North Carolina, U.S.).References
[1] Douillard J-Y, Oliner KS, Siena S, Tabernero J, Burkes R,
Barugel M, et al. PanitumumabeFOLFOX4 treatment and RAS
mutations in colorectal cancer. N Engl J Med 2013;369:1023e34.
http://dx.doi.org/10.1056/NEJMoa1305275.
[2] Schwartzberg LS, Rivera F, Karthaus M, Fasola G, Canon J-L,
Hecht JR, et al. PEAK: a randomized, multicenter phase II studyof panitumumab plus modified fluorouracil, leucovorin, and
oxaliplatin (mFOLFOX6) or bevacizumab plus mFOLFOX6 in
patients with previously untreated, unresectable, wild-type KRAS
exon 2 metastatic colorectal cancer. J Clin Oncol 2014;32:2240e7.
http://dx.doi.org/10.1200/JCO.2013.53.2473.
[3] Abad A, Massuti B, Gra´valos C, et al. Phase II trial of pan-
itumumab plus FOLFOX4 or FOLFIRI in subjects with KRAS
wild-type colorectal cancer and liver-limited disease: The
PLANET study. Poster presented at the ASCO 50th Annual
Meeting, May 30-June 3, 2014, Chicago, IL; Abstract # 3560 and
Poster. Available at:: http://meetinglibrary.asco.org/content/
97302?formatZposterImg&posterZ1. [Accessed 14 November
2016].
[4] Karthaus M, Hofheinz RD, Mineur L, Letocha H, Greil R,
Thaler J, et al. Impact of tumour RAS/BRAF status in a first-line
study of panitumumab þ FOLFIRI in patients with metastatic
colorectal cancer. Br J Cancer 2016;115:1215e22. http:
//dx.doi.org/10.1038/bjc.2016.343.
[5] NCCN Clinical Practice Guidelines In Oncology: Colon Cancer
v.2.2016. Available at:: http://www.nccn.org/professionals/
physician_gls/f_guidelines.asp. [Accessed 14 November 2016].
[6] Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van
Krieken JH, Aderka D, et al. ESMO consensus guidelines for the
management of patients with metastatic colorectal cancer. Ann
Oncol 2016;27:1386e422. http://dx.doi.org/10.1093/annonc/
mdw235.
[7] Nathan H, de Jong MC, Pulitano C, Ribero D, Strub J,
Mentha G, et al. Conditional survival after surgical resection of
colorectal liver metastasis: an international multi-institutional
analysis of 949 patients. J Am Coll Surg 2010;210. http:
//dx.doi.org/10.1016/j.jamcollsurg.2009.12.041. 755e64, 764e6.
[8] Folprecht G, Grothey A, Alberts S, Raab H-R, Ko¨hne C-H.
Neoadjuvant treatment of unresectable colorectal liver metasta-
ses: correlation between tumour response and resection rates. Ann
Oncol 2005;16:1311e9. http://dx.doi.org/10.1093/annonc/mdi246.
[9] Adam R, Avisar E, Ariche A, Giachetti S, Azoulay D,
Castaing D, et al. Five-year survival following hepatic resection
after neoadjuvant therapy for nonresectable colorectal. Ann Surg
Oncol 2001;8:347e53.
[10] Giacchetti S, Itzhaki M, Gruia G, Adam R, Zidani R,
Kunstlinger F, et al. Long-term survival of patients with unre-
sectable colorectal cancer liver metastases following infusional
chemotherapy with 5-fluorouracil, leucovorin, oxaliplatin and
surgery. Ann Oncol 1999;10:663e9.
[11] Ye L-C, Liu T-S, Ren L, Wei Y, Zhu D-X, Zai S-Y, et al. Ran-
domized controlled trial of cetuximab plus chemotherapy for
patients with KRAS wild-type unresectable colorectal liver-
limited metastases. J Clin Oncol 2013;31:1931e8. http:
//dx.doi.org/10.1200/JCO.2012.44.8308.
[12] Petrelli F, Barni S. Anti-EGFR agents for liver metastases.
Resectability and outcome with anti-EGFR agents in patients
with KRAS wild-type colorectal liver-limited metastases: a meta-
analysis. Int J Colorectal Dis 2012;27:997e1004. http:
//dx.doi.org/10.1007/s00384-012-1438-2.
[13] Bokemeyer C, Bondarenko I, Hartmann JT, de Braud F,
Schuch G, Zubel A, et al. Efficacy according to biomarker status
of cetuximab plus FOLFOX-4 as first-line treatment for meta-
static colorectal cancer: the OPUS study. Ann Oncol 2011;22:
1535e46. http://dx.doi.org/10.1093/annonc/mdq632.
[14] Van Cutsem E, Lenz H-J, Ko¨hne C-H, Heinemann V, Tejpar S,
Melezı´nek I, et al. Fluorouracil, leucovorin, and irinotecan plus
cetuximab treatment and RAS mutations in colorectal cancer. J
Clin Oncol 2015;33:692e700. http://dx.doi.org/10.1200/JCO.2014.
59.4812.
[15] Folprecht G, Gruenberger T, Bechstein W, Raab H-R, Weitz J,
Lordick F, et al. Survival of patients with initially unresectable
colorectal liver metastases treated with FOLFOX/cetuximab or
FOLFIRI/cetuximab in a multidisciplinary concept (CELIM-
A. Carrato et al. / European Journal of Cancer 81 (2017) 191e202202study). Ann Oncol 2014;25:1018e25. http://dx.doi.org/10.1093/
annonc/mdu088.
[16] Amado RG, Wolf M, Peeters M, Van Cutsem E, Siena S,
Freeman DJ, et al. Wild-type KRAS is required for pan-
itumumab efficacy in patients with metastatic colorectal cancer.
J Clin Oncol 2008;26:1626e34. http://dx.doi.org/10.1200/JCO.
2007.14.7116.
[17] Van Cutsem E, Peeters M, Siena S, Humblet Y, Hendlisz A,
Neyns B, et al. Open-label phase III trial of panitumumab plus
best supportive care compared with best supportive care alone in
patients with chemotherapy-refractory metastatic colorectal can-
cer. J Clin Oncol 2007;25:1658e64. http://dx.doi.org/10.1200/
JCO.2006.08.1620.
[18] Van Cutsem E, Siena S, Humblet Y, Canon J-L, Maurel J,
Bajetta E, et al. An open-label, single-arm study assessing safety
and efficacy of panitumumab in patients with metastatic colo-
rectal cancer refractory to standard chemotherapy. Ann Oncol
2008;19:92e8. http://dx.doi.org/10.1093/annonc/mdm399.
[19] Douillard J-Y, Siena S, Cassidy J, Tabernero J, Burkes R,
BarugelM, et al. Randomized, phase III trial of panitumumabwith
infusional fluorouracil, leucovorin, and oxaliplatin (FOLFOX4)
versus FOLFOX4 alone as first-line treatment in patients with
previously untreated metastatic colorectal cancer: the PRIME
study. J Clin Oncol 2010;28:4697e705. http://dx.doi.org/10.
1200/JCO.2009.27.4860.
[20] Peeters M, Price TJ, Cervantes A, Sobrero AF, Ducreux M,
Hotko Y, et al. Final results from a randomized phase 3 study of
FOLFIRI {þ/-} panitumumab for second-line treatment of met-
astatic colorectal cancer. Ann Oncol 2014;25:107e16. http:
//dx.doi.org/10.1093/annonc/mdt523.
[21] Nemunaitis J, Cox J, Meyer W, Courtney A, Mues G. Irinotecan
hydrochloride (CPT-11) resistance identified by K-ras mutation in
patients with progressive colon cancer after treatment with 5-
fluorouracil (5-FU). Am J Clin Oncol 1997;20:527e9.
[22] Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, et al. New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1). Eur J Cancer 2009;45:
228e47. http://dx.doi.org/10.1016/j.ejca.2008.10.026.
[23] Piessevaux H, Buyse M, Schlichting M, Van Cutsem E,
Bokemeyer C, Heeger S, et al. Use of early tumor shrinkage to
predict long-term outcome in metastatic colorectal cancer treated
with cetuximab. J Clin Oncol 2013;31:3764e75. http:
//dx.doi.org/10.1200/JCO.2012.42.8532.
[24] Modest DP, Laubender RP, Stintzing S, Giessen C, Schulz C,
Haas M, et al. Early tumor shrinkage in patients with metastatic
colorectal cancer receiving first-line treatment with cetuximab
combined with either CAPIRI or CAPOX: an analysis of the
German AIO KRK 0104 trial. Acta Oncol Stockh Swed 2013;52:
956e62. http://dx.doi.org/10.3109/0284186X.2012.752580.[25] Douillard JY, Siena S, Peeters M, Koukakis R, Terwey J-H,
Tabernero J. Impact of early tumour shrinkage and resection on
outcomes in patients with wild-type RAS metastatic colorectal
cancer. Eur J Cancer 2015;51:1231e42. http://dx.doi.org/10.
1016/j.ejca.2015.03.026.
[26] Rivera F, Karthaus M, Randolph J, Fasola G, Re Canon JL,
Koukakis R, et al. First-line treatment with modified FOLFOX6
(mFOLFOX6) þ panitumumab or bevacizumab in wild-type
RAS metastatic colorectal carcinoma: tumour response out-
comes beyond RECIST. J Clin Oncol 2015;33(Suppl 3). Abstract
660 & Poster (D2).
[27] Colucci G, Gebbia V, Paoletti G, Giuliani F, Caruso M,
Gebbia N, et al. Phase III randomized trial of FOLFIRI versus
FOLFOX4 in the treatment of advanced colorectal cancer: a
multicenter study of the Gruppo Oncologico Dell’Italia Mer-
idionale. J Clin Oncol 2005;23:4866e75. http://dx.doi.org/10.
1200/JCO.2005.07.113.
[28] Bennett L, Zhao Z, Barber B, Zhou X, Peeters M, Zhang J, et al.
Health-related quality of life in patients with metastatic colorectal
cancer treated with panitumumab in first- or second-line treat-
ment. Br J Cancer 2011;105:1495e502. http://dx.doi.org/10.1038/
bjc.2011.409.
[29] Folprecht G, Gruenberger T, Bechstein WO, Raab H-R,
Lordick F, Hartmann JT, et al. Tumour response and secondary
resectability of colorectal liver metastases following neoadjuvant
chemotherapy with cetuximab: the CELIM randomised phase 2
trial. Lancet Oncol 2010;11:38e47.
[30] Ocvirk J. Cetuximab plus FOLFOX6 or FOLFIRI in metastatic
colorectal cancer: CECOG trial. World J Gastroenterol 2010;16:
3133. http://dx.doi.org/10.3748/wjg.v16.i25.3133.
[31] Stintzing S, Modest DP, Rossius L, Lerch MM, von
Weikersthal LF, Decker T, et al. FOLFIRI plus cetuximab versus
FOLFIRI plus bevacizumab for metastatic colorectal cancer
(FIRE-3): a post-hoc analysis of tumour dynamics in the final
RAS wild-type subgroup of this randomised open-label phase 3
trial. Lancet Oncol 2016;17:1426e34. http://dx.doi.org/10.1016/
S1470-2045(16)30269-8.
[32] Ye L, Wei Y, Zhu D, Chen T, Xu J. Impact of early tumor
shrinkage on clinical outcome in wild-type-KRAS colorectal liver
metastases treated with cetuximab. J Gastroenterol Hepatol 2015;
30:674e9. http://dx.doi.org/10.1111/jgh.12847.
[33] Douillard JY, Siena S, Cassidy J, Tabernero J, Burkes R,
Barugel M, et al. Final results from PRIME: randomized phase
III study of panitumumab with FOLFOX4 for first-line treatment
of metastatic colorectal cancer. Ann Oncol 2014;25:1346e55.
http://dx.doi.org/10.1093/annonc/mdu141.
[34] Abad A, Figueras J, Valls C, Carrato A, Pardo F, Dı´az-Rubio E,
et al. Guidelines for the detection and treatment of liver metas-
tases of colorectal cancer. Clin Transl Oncol 2007;9:723e30.
